ADDITIONAL INDEX WORDS. black spot, drought, powdery mildew, Rosa sp., shrub roses SUMMARY. Landscaping today involves the struggle to balance aesthetically pleasing plants while minimizing the impact on the environment, reducing water usage, decreasing fertilizer use, and eliminating or significantly reducing pesticide usage. Roses (Rosa sp.), although seen as challenging plants, remain the most popular flowering shrub in the United States. The identification of new cultivars that combine beauty, pest and disease resistance, and drought tolerance are important to Texas landscapes. Sixty roses were assessed over a 3-year period to determine flowering, drought tolerance, disease resistance, and overall landscape performance in minimal-input gardens in north central Texas. Atypical weather during the study had a significant impact on performance. A 2-year drought (2010-11) was accompanied by the hottest summer on record (2011), which included a record number of days of at least 100°F or higher. As a result, supplemental irrigation was provided three times both summers. Roses generally fared well under these conditions and survived the drought. Flowering was most abundant during the spring and fall, and it was least abundant in the summer. Powdery mildew [PM (Sphaerotheca pannosa var. rosae)] was a minor problem. Nine of 60 cultivars developed no visible symptoms of PM during the study. Most PM occurred in Spring 2010, with very little found after June; none was found in 2011. Black spot [BS (Diplocarpon rosae)] was serious for some cultivars, but most were BS-free; RADrazz (Knock Out Ò ) and Lady Banks White had no observed BS during the study. BS occurred mostly in May, June, and November. Overall landscape performance ratings were high, with 23 cultivars having a mean landscape performance rating equal to or better than the Belinda's Dream standard. The best-performing cultivars were RADrazz (Knock Out), RADcon (Pink Knock Out Ò ), RADyod (Blushing Knock Out Ò ), WEKcisbaco (Home Run Ò ), and Alister Stella Gray. This study was able to identify many other highly performing roses in north central Texas.
L
andscapers and homeowners struggle with numerous environmental and municipal challenges. Water is becoming a scarce resource, especially in Texas, with a potential water shortage of 4.8 million acre-feet per year in 2020 and irrigation water needs of more than 3.5 million acre-feet per year (Texas Water Development Board, 2017) . The use of pesticides is decreasing as customers seek insect and disease control methods with minimal environmental impact (Zlesak, 2006) . To address these challenges, the Texas A&M University AgriLife Extension Service (College Station, TX) developed the Earth-Kind Ò landscape management program (Harp et al., 2009; Zlesak et al., 2015) that focuses on three primary areas. First, Earth-Kind Ò recommends hardy landscape plants that survive with minimal amounts of water and fertilizer, are pest-and disease-resistant, and provide beauty with very low additional input. Second, Earth-Kind Ò landscape beds are prepared and maintained using organic composts and mulch to preserve soil moisture and provide consistent fertility sufficient to maintain plant growth. Third, Earth-Kind Ò gardens rely on limited irrigation delivered through drip irrigation. The combination of these strategies has resulted in high-quality roses, crepe myrtle (Lagerstroemia sp.), perennials, and annuals (Chretien and Harp, 2017; Church et al., 2012; Harp et al., 2009 Harp et al., , 2017 Zlesak et al., 2015) .
Even though roses remain the most popular woody ornamental shrub in the United States (Waliczek et al., 2015) , their desired characteristics have changed over the years. Demand has increased for shrub roses that are of medium height (3 to 4 ft), disease-resistant, fragrant, floriferous, and reblooming (Grygorczyk, 2013; Waliczek et al., 2015) . Consumers are less willing or able to spend time in their gardens treating plants for recurrent pest and disease problems (Harp et al., 2009; Waliczek et al., 2015; Zlesak et al., 2017) . These traits are possessed by shrub or landscape roses (terms often used synonymously by marketers) that typically have lower maintenance requirements than other rose types, such as hybrid tea roses (Mackay et al., 2008; Mangandi et al., 2013) . Hybrid tea roses need heavy pruning, frequent applications of fungicides and pesticides, heavy fertilization, and regular irrigation (Mackay et al., 2008) . Recently, shrub and landscape roses have significantly increased in popularity and now account for the majority of U.S. landscape rose sales (Pemberton and Karlik, 2015) .
The Texas A&M University Earth-Kind Ò Landscape Management Program has been conducting rose trials under low-input conditions since the 1990s. Cultivars with strong pest and disease resistance that tolerate the high temperatures of a Texas summer are of great value to consumers and retailers in the southern Great Plains and the southern U.S. states bordering the Gulf Coast. They are particularly valuable because most nationally distributed rose cultivars have originated outside of this region. Trials are performed over multiple years and locations and use well-defined, low-input protocols (Harp et al., 2009; Mackay et al., 2008; Zlesak et al., 2015) . Cultivars with consistently high performance across regional sites in Texas earn the Earth-Kind Ò designation for that particular region. To date, 23 rose cultivars have been awarded this designation in Texas (Texas A&M University, 2011).
Using basic plant care, consumers are very likely to be successful with these cultivars because they have been selected based on years of data supporting their regional adaptation. Earth-Kind Ò rose trialing efforts are ongoing, with new trials initiated as promising cultivars enter the marketplace. Earth-Kind Ò rose trials have expanded outside of Texas and the greater south central United States, and horticulturists in other regions have been encouraged to partner with the Earth-Kind Ò program using the well-established Earth-Kind Ò trialing protocols developed in Texas and to modify them, as necessary, based on unique regional conditions (Harp et al., 2009; Zlesak et al., 2015) . Roses were propagated from stem cuttings and not grafted (''own root'') to avoid graft incompatibilities and unpredictable rootstock and scion interactions (Richer et al., 2005) . Roses, at planting, were 2-year-old plants obtained from Chamblee's Rose Nursery (Tyler, TX) and the Antique Rose Emporium (Independence, TX). Ten-foot-wide beds were created by spraying existing vegetation with glyphosate and tilling the dead plant material into the soil to a depth of 12 inches. Fifteen-foot-wide mowed grassy walkways were maintained between rows. Roses were planted in a single row down the middle of the beds with within-row spacing of 8 ft. The experimental area was divided into four blocks, with one plant of each cultivar randomized per block. Buffer plants (either 'Belinda's Dream' or 'Duchesse de Brabant') were installed at the ends of each row to reduce the risk of performance bias because they could experience higher levels of air circulation that could increase stress and reduce disease pressure.
A drip irrigation system with emitters spaced 18 inches apart and lines running parallel to each other 18 inches apart was added to each bed and covered with 4 inches of shredded tree trimmings. Roses were planted between the parallel drip lines. Mulch from shredded tree trimmings was maintained at 4 inches throughout the duration of the study.
Plants were irrigated to maintain soil moisture during year 1 to ensure (Harp et al., 2009; Zlesak et al., 2015) . Decomposing mulch provided plant nutrition throughout the study, with no supplemental fertilizers applied. No pesticides, fungicides, or other treatments were used during the study; spent blossoms were not removed, and plants were not pruned to observe the natural plant form.
PLANT QUALITY ASSESSMENT. Beginning in 2009, a scientist from either Texas A&M University AgriLife Extension Service or Texas A&M UniversityCommerce (Commerce, TX) assessed the roses monthly from April to October to determine overall landscape performance, drought stress, blossom number, and percentage of plant covered with blossoms.
Overall landscape performance encompassed vigor, foliage quality and color, blossom quantity and quality, fragrance, disease and insect tolerance/ resistance, soil tolerance, growth habit, and overall aesthetics. We rated landscape performance using a scale of 0-10 with three indices (Mackay et al., 2008) . The three indices were flower quantity and quality, foliage quantity and quality, and plant habit and vigor. The following scores were used: 10 = no deductions for all three indices; 9 = slight deduction for one index; 8 = slight deduction for two indices; 7 = slight deduction for three indices or moderate deduction for one index; 6 = moderate deduction for one index and slight deduction for one index; 5 = moderate deductions for one index and slight deductions for two indices; 4 = moderate deductions for two indices; 3 = severe deductions for one index and moderate deduction for one index; 2 = severe deductions for two indices; 1 = severe deductions for three indices; and 0 = a dead plant.
A specialist with the Texas A&M University AgriLife Extension Service assessed the roses for disease five times in 2009 (May, June, August, September, and November), four times in 2010 (April, June, July, and September), and three times in 2011 (May, August, and September). Plants were rated on a scale of 0 to 5: 0 = no observable disease; 1 = up to 20% of the plant infected; 2 = between 21% and 40% of the plant infected; 3 = between 41% and 60% of the plant infected; 4 = between 61% and 80% of the plant infected; and 5 = more than 80% of the plant infected. Plants were rated separately for black spot, powdery mildew, and cercospora leaf spot [CLS (Cercospora rosicola)]. At the time of the study, rose rosette disease had not become common in the study area, and although roses did develop the disease later, we noted no symptoms of rose rosette disease during the study.
Drought stress was determined by visual scoring. Leaf wilting, stem tip wilting, marginal leaf browning and necrosis, and yellowing and chlorosis of foliage served as indicators of plant drought stress (Harp et al., 2015; Pinior et al., 2005) . We assigned plant scores based on a visual estimate of the percentage of the plant with drought symptoms. Although we collected no affirming physiological data, the emphasis was the identification of asymptomatic cultivars rather than conferring a quantifiable assessment of drought stress in an individual plant or cultivar.
The experimental design was a randomized complete block, with each cultivar represented once in each of the four blocks. Arcsine square root transformations were made for bloom coverage percentages and drought scores, and the data were back-transformed for publication purposes. We conducted a normality test using the UNIVAR-IATE procedure in SAS (version 9.4; SAS Institute, Cary, NC) before analysis of all data sets. Although skewness and kurtosis were within acceptable ranges (-2.0 to 2.0), the data sets did not satisfy the requirements of the Kolmogorov-Smirnov (P < 0.001) normality tests; therefore, data were analyzed using the GLIMMIX procedure in SAS (version 9.4) following the techniques described by Stroup (2014) using Newton-Raphson Optimization. Months were controlled as a repeated variable and data were analyzed using a covariance structure selected by using Akaike's information criterion (AIC) score; Fisher's least significant difference was used to contrast cultivars (a = 0.05).
Results and discussion

WEATHER. Temperatures in Farmers Branch in 2009 and 2010
were normal, but north central Texas experienced an extreme heat wave in 2011, with temperatures above 100°F for 71 d, including 40 d consecutively. The average high temperature was above 100°F in both July and Aug. 2011, imparting major stress on the plants (Fig. 1 ). An exceptional drought in north central Texas exacerbated the heat during the study period, with record low rainfall between Oct. 2010 and Sept. 2011. During the growing season, only 19 inches of precipitation fell in 2010, and only 18.1 inches fell in 2011, but almost half of each year's total occurred during just 1 month, in Sept. 2010 and May 2011 (Fig. 1 ). In addition, pan evaporation rates in 2011 increased to more than 5 inches per week, placing the study plants in severe moisture stress. The severe heat and drought required the use of supplemental irrigation during both 2010 and 2011, with supplemental irrigation applied once per month in June, July, and August of both years.
Across all cultivars, plants scored highest in April, followed by May, September, and October (Supplemental Table 2 ). Plants scored lowest in June through August, reflecting declining plant performance during the heat and drought of summer. This pattern was not reflected in 2009, because plants received regular irrigation throughout the growing season to ensure plant establishment. However, plants fared much more poorly during Summer 2010 and Summer 2011, both of which were periods of exceptional drought in north central Texas.
Several cultivars performed well throughout the study. Knock Out
Alister Stella Gray', and Home Run Ò received the highest landscape performance ratings across the entire study (Table 1) . Landscape performance ratings for these cultivars followed the overall pattern of higher ratings in the spring and fall and lower ratings in the summer (Supplemental Fig. 1 ). However, these roses were typified by not only extremely strong performance during the spring but also good relative performance during the heat and stress of summer. For example, 'Alister Stella Gray' received very high landscape performance ratings throughout the study (Supplemental Fig. 1, Supplemental Table 3 ).
BLOOM NUMBER. When considering the overall bloom number, the roses continued the spring/fall bimodal pattern found during bloom coverage (Supplemental Table 4 ). Maximum bloom number occurred in April, with an average of 84.5 blooms per plant, and more than 90% of roses were in bloom. In May and October, the average bloom numbers decreased to 43.6 and 43.2, respectively. The greatest bloom decreases occurred in August, when plants averaged only 15.9 blooms per plant, and more than 37% of roses had no blooms. The greatest reduction in bloom development occurred during the severe heat and drought of July 2011, with an average of only 5.3 flowers per plant, and 52.8% of plants had no flowers.
'Red Cascade' and 'Lena' were the most floriferous. 'Red Cascade' averaged 152.8 blooms per plant (Table 1,  Supplemental Table 5 ) and had many months with more than 500 blooms per plant, including one plant in Apr. 2011 with more than 1200 blooms. 'Lena' produced a similar number of blooms (143.8) and had many months with more than 400 blooms per plant, with a peak of 864 in Apr. 2010. 'Ole' and 'Oso Happy Ò Candy Oh!' averaged 122.0 and 115.5 blooms, respectively, and were the only other roses to average more than 100 blooms per plant (Supplemental Table 5 ). All of these roses have small flowers (<1.5 inches) and flower in dense, terminal clusters.
As the flower size increased, the average number of blooms decreased; this trend was consistent with that of previous studies (Zlesak et al., 2017) . Although still in the top 10, in terms of bloom number, the larger flowered (>2 inches) cultivars Alister Stella Gray (97.6), Knock Out Ò (70.5), Rouletti (66.4), and Blushing Knock Out Ò (66.2) had an average of fewer than 100 blooms per plant.
The climbing cultivar, Peggy Martin, is a prolific bloomer, but only during spring. In Apr. 2011, the four plants averaged 932 blooms, with one outperforming all other roses with its 1380 blooms. Unfortunately, these same plants had only 90 blooms in May 2011 and 9 blooms for the remainder of the growing season. 'Peggy Martin' should be considered a very heavy bloomer, but only in spring. Although consumers overwhelmingly prefer to purchase roses that bloom throughout the summer (Zlesak, 2006), cultivars like Peggy Martin serve a valuable niche when a strong burst of color and landscape focal point are required during a few weeks in spring. BLOOM COVERAGE. Across all cultivars and years, maximum bloom coverage occurred during the early and late months of the growing season, with maximum flowering in April, May, and October (Supplemental Table 6 ). Heat and drought stress decreased blooms during the summer, with the lowest bloom coverage in July and August. We recorded a high bloom coverage percentage in July 2010 following an irrigation application used to alleviate drought stress.
Consistent with findings by Mackay et al. (2008) , the 10 best roses in terms of bloom coverage were shrub and polyantha roses. These roses included six shrub roses, including three from the Knock Out Ò series (Table 1 , Supplemental Table 7 ). The poorest performers in terms of bloom coverage were the once-blooming Lady Banks White and Lady Banks Yellow roses, along with other climbing cultivars Autumn Sunset, Peggy Martin, and Aloha. Although some of these spring-blooming cultivars produced spectacular floral displays in April, the deductions received for failure to flower during subsequent months greatly influenced the once blooming cultivars' overall bloom coverage rating during each year of evaluation. Among the tea and hybrid tea cultivars, Mrs.
Oakley Fisher, Antoine Rivoire, and Soncy had the lowest bloom coverages during the study period.
DROUGHT. The cultivars selected appeared to tolerate drought stress reasonably well, with 24 of 60 cultivars with drought stress ratings statistically similar to that of Lady Banks Yellow, with an average score of 2.6% and only one score higher than 10% (Table 1,  Supplemental Table 8 ). Even the cultivars most susceptible to drought had an average score less than 20%.
However, within individual months, several cultivars suffered. 'Ilse Krohn Superior' had an average score of 17.9%, but post-August scores frequently exceeded 60%, with individual specimens of the cultivar with 80% or more of the plant having severe drought stress symptoms. Similar patterns existed in the cultivars Lena, Meredith Bohls, Carefree Marvel ä , and several others. Drought stress symptoms first appeared, on average, in June, and were more common in September and October (Supplemental Table 9 ). Because irrigation was only applied to ensure survival, plants did not recover during the milder fall weather. Damage during the summer likely exceeded the recuperative ability of the plant, and significant improvement did not occur until the following spring. This was consistent with the results of a related study in which data collection was ended following a severe heat wave (daily high temperatures consistently above 100°F) and drought (pan evaporation >70 mm/ week) that led to premature dormancy of test plants (Zlesak et al., 2017) .
DISEASES. As anticipated, BS and PM were the two most common diseases found. No evidence of CLS was found during the study. PM and BS were prevalent during the spring and fall. Black spot was most prevalent in May (0.69), June (0.79), and November (1.94) (scores were determined based on a scale of 0 to 5). Increases in disease ratings are typical because BS infection begins in the spring and early summer and progresses, becoming worse throughout the year without any treatment, similar to the results described by Mueller et al. (2008) . Infection rates decreased in August (0.02) and September (0.12) because the extreme heat and drought prevented the formation of water droplets needed to spread the water-borne conidia (Smith et al., 1988) ; however, this may be more common in Texas (Black et al., 1994) .
As seen with BS, PM was found most common in May (0.43), June (0.29), and April (0.16) (scores were determined based on a scale of 0 to 5). The disease virtually disappeared during the summer, with scores of 0.07, 0.05, and 0.02 in July, August, and September, respectively. It should be noted that most of the disease scores occurred during the first year of the study, with no PM noted during Summer 2011.
This study used roses with known BS tolerance. Of the best performing Table 1 . (Continued) Landscape performance, bloom number, bloom coverage, drought rating, black spot, and powdery mildew ratings for roses evaluated during 3 years under minimal-input conditions in north central Texas. Rose cultivars are listed in order of landscape performance from best to worst. Cultivar name or trademark followed by cultivar name in parentheses.
y Landscape performance was scored using a criterion-referenced scale from 0 (dead plant) to 10 (strong performance) with three indices (flower quantity and quality, foliage quantity and quality, and plant habit and vigor) as described by Mackay et al. (2008) . Ratings were recorded once monthly during the growing season. Least square means are displayed.
x Drought ratings were determined by estimating the percentage of the plant demonstrating drought symptoms, which included wilting, leaf margin browning and necrosis, chlorosis, and branch dieback without observed disease. Data were transformed using arcsine square root transformations and back-transformed for presentation purposes.
w Black spot and powdery mildew incidence was rated separately using a scale of 0 to 5: 0 = no observable disease, 1 = up to 20% of the plant infected, 2 = between 21% and 40% of the plant infected, 3 = between 41% and 60% of the plant infected, 4 = between 61% and 80% of the plant infected, and 5 = >80% of the plant infected.
v Data followed by different letters within the columns indicate they were significantly different at P < 0.05 according to Fisher's least significant difference.
• June 2019 29 (3) roses, the cultivars Knock Out Ò and Lady Banks White had no record of BS, and the mean BS score of 20 of the 60 cultivars could not be separated statistically (Table 1) , with scores ranging from 0.0 on a 5-point scale for Knock Out Ò to an average score of 0.29 for Crepuscule.
In terms of PM incidence, nine cultivars showed no infection during the study period, and 49 of the 60 cultivars had scores consistent with the best performers. Because PM infection occurs during periods of mild temperatures and high relative humidity, the absence of disease likely resulted from a combination of both genetic resistance and generally dry, hot weather during the study period.
Conclusion
Several roses demonstrated strong performance throughout the study, even with atypical weather conditions during the last 2 years; therefore, we recommend these for landscape use in north central Texas and regions with similar conditions. The top 10 cultivars overall based on landscape performance rating were Knock Out . Interestingly, as the study continued, the performance of 'Lena' decreased considerably, and it was in last place for drought tolerance. This study reinforced the negative impact of black spot disease on rose performance and the importance of identifying and using resistant cultivars under low-input conditions. Data from this study can help consumers and landscapers identify roses with strong ornamental performance (e.g., overall performance, drought tolerance, strong performance early in the season, etc.), breeders identify parents that possess traits of interest (e.g., Julia Child ä is a parent of 'Cinco de Mayo ä , and both were in the top 10 roses for drought tolerance), and researchers identify opportunities for continued study (e.g., root architecture differences related to drought tolerance). Supplemental Fig. 1 . Mean monthly landscape performance (±SE) during the growing season over Branch, TX. Landscape performance was determined using a criterion-referenced scale from 0 (dead plant) to 10 (strong performance) with three indices (flower quantity and quality, foliage quantity and quality, and plant habit and vigor) as described by Mackay et al. (2008) . Landscape performance rating was determined using a criterion-referenced scale from 0 (dead plant) to 10 (strong performance) with three indices (flower quantity and quality, foliage quantity and quality, and plant habit and vigor) as described by Mackay et al. (2008) . Ratings were recorded once monthly during the growing season. Scores provided are averages across all roses for that particular month.
y Means within the column followed by the same lowercase letter are not significantly different at P < 0.05 by Fisher's least significant difference.
x Data not available because data were not collected in Apr. 2009.
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Supplemental Table 3 . Average overall and yearly ratings for landscape performance of roses evaluated during 3 years under minimal-input conditions in north central Texas ranked in order of performance from best to worst.
Supplemental Table 3 . (Continued) Average overall and yearly ratings for landscape performance of roses evaluated during 3 years under minimal-input conditions in north central Texas ranked in order of performance from best to worst. y Data presented in this column are least squares estimates of the means. Landscape performance rating was determined using a criterion-referenced scale from 0 (dead plant) to 10 (strong performance) with three indices (flower quantity and quality, foliage quantity and quality, and plant habit and vigor) as described by Mackay et al. (2008) . Ratings were recorded once monthly during the growing season.
x Data followed by different letters within the column indicate they were significantly different at P < 0.05 according to Fisher's least significant difference.
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